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Objectives: Poststernotomy mediastinitis after cardiac operations is a
nosocomial infection involving the mediastinal space and the sternum,
with a high mortality rate mostly related to a late diagnosis. We inves-
tigated whether sternal puncture might facilitate and shorten the delay in
the diagnosis of mediastinitis.
Methods: Of 1024 patients undergoing sternotomy for cardiac surgery,
sternal puncture was performed in a subgroup of 49 patients in whom
mediastinitis was suspected.
Results: Sternal puncture culture results were positive for all patients with
true mediastinitis (n  23) and negative in 24 of 26 patients without
mediastinitis. In addition, sternal puncture allowed diagnosis of mediastinitis with a
shorter delay (9  5 days vs 13  8 days, P  .04) and caused a reduction in the
length of mechanical ventilation (3  4 days vs 10  13 days, P  .02) and stay
in the intensive care unit (9 7 days vs 18 15 days, P .02) compared with that
found in another group of patients (n 20) operated on for true mediastinitis on the
basis of the presence of classic, delayed, clinical signs.
Conclusions: Our study shows that sternal puncture is a rapid and safe method to
ensure the diagnosis of poststernotomy mediastinitis.
Poststernotomy mediastinitis is a nosocomial infection involving themediastinal space and the sternum (sternitis).1 It can be clinicallyobvious or obscure.2-4 Indeed, classic signs, including wound drainageand sternal instability, are frequent4-6 but not specific for underlyinginfection6,7 and are late signs of mediastinal infection.2,4,7 A few tests,including computed tomographic scanning and epicardial wire (EW)
culture, have been examined for their ability to help in the early diagnosis of
poststernotomy mediastinitis, but results have been inconclusive.8,9 Furthermore,
aspiration of the anterior mediastinal space was performed more than 15 years ago
but was not pursued because of the potential risk for heart injury, large vessel injury,
or both in inexperienced hands.10
To facilitate the diagnosis of poststernotomy mediastinitis, we prospectively
evaluated the sternal puncture, in which bacteriologic samples are taken between the
sternal edges rather than from the mediastinal space, assuming that sternitis is
consistently present in all cases of postoperative mediastinitis.
Patients and Methods
A prospective study was performed from February 1996 to September 1999 in 1024 patients
undergoing sternotomy in the cardiac surgery unit of our institution (Figure 1). The ethical
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committee of our institution (Comite´ Consultatif de Protection des
Personnes se preˆtant a` des Recherches Biome´dicales of Saint-
Louis University Hospital) approved this study and waived the
need for informed consent.
Definition of Poststernotomy Mediastinitis
True mediastinal wound infection (or mediastinitis) has been pre-
viously described as clinical or microbiologic evidence of sternitis
with or without mediastinal sepsis and requiring surgical debride-
ment.1 In our study true mediastinitis (ie, deep wound infection)
was always confirmed by means of culture of samples obtained
during surgical exploration. Infections restricted to the subcutane-
ous tissue, as well as mechanical sternal dehiscence, were ex-
cluded (see below). In addition, because mediastinitis is mostly
seen between 4 and 30 days after an operation,5 the lack of
mediastinitis was based on a 3-month follow-up of patients who
did not have clinical signs of mediastinitis and had no need of
further reintervention.
EW Cultures
EWs were systematically put in place during cardiac surgery and
were mostly removed 6 to 7 days later unless heart pacing was still
necessary. The wire’s distal 2 cm were taken under sterile condi-
tions and placed in a tube containing 1 mL of meat liver dextrose
broth, and EW samples were cultured by using a semiquantitative
method. Briefly, 50 mL of the broth was cultured onto aerobic and
anaerobic blood agar plates. The plates were incubated at 37°C and
inspected for microbial growth daily for 3 days. All microbial
organisms obtained from cultures were identified, and their sus-
ceptibilities were established.
Sternal Puncture: Technique and Criteria of Inclusion
After the immediate postoperative period, patients remained either
in a ward of the Department of Cardiac Surgery or were transferred
to the Department of Cardiology or Medicine of our institution.
In the patients who remained in a ward of the Department of
Cardiac Surgery, sternal puncture was performed when local signs
of sternal wound infection (inflammatory wound, wound drainage,
and sternal instability), signs of sepsis, or both appeared on the
basis of the following criteria11: (1) body temperature of greater
than 38.5°C or less than 35.5°C; (2) heart rate of greater than 90
beats/min; (3) white blood cell count of greater than 12,000/mm3
or less than 4000/mm3; or (4) tachypnea (respiratory rate 20
breaths/min or mechanical ventilation) n  49 patients. Sternal
puncture was performed with 21-gauge hypodermic needles (Mi-
crolance TM 3, Becton Dickinson) and 10-mL syringes (Figure 2).
After skin preparation with polyvidone-iodine, the needle was
introduced between the 2 sternal edges approximately 1 cm in
depth, at the level of spongy bone. No suction was applied while
introducing the needle from the skin to the sternal edges of the
sternotomy to differentiate superficial infection from deep wound
infection. Suction was only started when the needle could be
introduced between the 2 sternal edges. Sternal punctures were
repeated, with different needles at 3 levels (upper, middle, and
lower) of the sternotomy. If the fluid volume collected from the
sternal space was smaller than 1 mL, it was diluted with 1 mL of
sterile saline solution. Samples were promptly delivered to the
microbiological laboratory for Gram staining and cultures onto
both aerobic and anaerobic agar plates, as described above for the
EW cultures. In 23 of 49 patients, surgical debridement was
performed on the basis of the positive bacteriologic test results
(Gram staining, culture, or both, including the presence of coag-
ulase-negative Staphylococcus epidermidis2,9,12) of at least one of
the sternal punctures (Figure 1). Of note, when culture of a sternal
puncture sample revealed Propionobacterium acnes or coagulase-
negative Staphylococcus species other than S epidermidis, this was
considered as skin contamination, and sternal puncture was re-
peated 24 hours later.
When patients were hospitalized in other wards than the De-
partment of Cardiac Surgery, they were referred back to us for
surgical debridement on the basis of classic clinical signs, bacte-
Figure 1. Study design. Sternal puncture was performed on patients when poststernotomy mediastinitis was
suspected (see the “Methods” section).
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riologic signs, or both strongly suggesting poststernotomy medi-
astinitis: wound instability, septic shock, or both11 associated or
not with positive results on EW or blood cultures.12 In these
patients surgical debridement was performed on an urgent basis, as
previously described,12 without sternal puncture (n  20, Figure
1).
Analysis of Bacteriologic Data
Bacteriologic results of sternal puncture and EWs were considered
as true positive when organisms cultured were the same as and had
identical antibiotic susceptibility as those found during surgical
intervention. Results were available within 1 hour for Gram stain-
ing, and cultures were inspected daily for 3 days, as described
elsewhere.
Surgical and Intensive Care Unit Management
of Mediastinitis
All patients with true mediastinitis underwent reoperation after
achievement of general anesthesia, according to the same surgical
debridement procedure: removal of all necrotic tissues (infected
tissues were sent to the bacteriologic laboratory), curettage of the
sternal edges until fresh bone blood was obtained, repeated irriga-
tion with polyvidone-iodine solution, and wound drainage with the
closed technique, with Redon catheters connected to vacuum bot-
tles.13,14 Intravenous antibiotics were started immediately before
anesthesia for surgical debridement and always after sternal punc-
ture. Antibiotic therapy was either initially guided by preoperative
bacterial investigations (eg, sternal puncture, EW culture, positive
blood culture results, and Staphylococcus species nasal carriage)
or, in the absence of positive culture results, on the basis of
probabilistic antistaphylococcal therapy, combining vancomycin
with fucidic acid. Antibiotic therapy was rapidly adapted accord-
ing to the antibiogram of bacteria found during surgical interven-
tion and continued for an average of at least 6 weeks after the
operation (4 weeks of intravenous therapy with 2 antibiotics,
followed by 2 weeks orally with 1 antibiotic).
Outcome of Patients After Surgical Debridement
After surgical debridement, outcome (eg, mortality rate, length of
mechanical ventilation, and length of intensive care unit [ICU]
stay) was compared in patients with true mediastinitis diagnosed
by means of sternal puncture and those in whom diagnosis was
based on the presence of classic clinical signs.12 The severity of
illness score was assessed at the day of the operation by using the
Simplified Acute Physiology Score (SAPS II).15
Statistical Analysis
Data are presented as means  SD. All data collected were stored
in a computer, and we used Excel 97 (Microsoft) and Statview 5
(SAS Institute) software for statistical analysis.
Quantitative values were compared by using the unpaired Stu-
dent t test and the Mann-Whitney U test when modal distribution
was not observed. Nominal variables were analyzed by using the
2 test with the Yates correction if necessary.
Results
During the study period (42 months), we followed 1024
adult patients who had undergone a median sternotomy for
cardiac surgery in our institution. Among these patients, the
mediastinitis rate was 4.2% (n  43), and the mortality rate
of those with mediastinitis was 21% (n  9/43).
When compared with the bacteria found during opera-
tions of patients with true mediastinitis, EW culture showed
a high rate of false-positive (69/84) and false-negative (28/
43) results (Table 1).
Sternal Puncture Cultures
Forty-nine patients underwent sternal puncture for suspicion
of poststernotomy mediastinitis while they were hospital-
ized in the ward of the Department of Cardiac Surgery (see
the “Methods” section). All patients undergoing puncture
had at least 2 signs of systemic inflammation (Table 2).
Sternal puncture (at least one) was technically possible in
all 49 patients. It allowed the diagnosis of postoperative
mediastinitis in 23 patients on the basis of the culture
findings (mostly Staphylococcus species, Table 3) that were
identical in the sternal puncture and in samples obtained
during surgical intervention. When compared with the bac-
Figure 2. Technique of sternal puncture. The needle was introduced between the 2 sternal edges at the level of
spongy bone. The picture shows a sternal puncture performed in the middle portion of the sternotomy. During the
same procedure, sternal punctures were repeated at the upper and lower portions of the sternotomy, with different
needles.
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teria found during the operation, Gram stain results of
sternal puncture show 12 of 23 true-positive and no false-
positive results (Table 1). Bacteriologic results of sternal
puncture were further improved with cultures, mostly re-
ceived 24 hours later (23/23 true-positive results; Table 1).
In the group of patients without mediastinitis undergoing
sternal puncture (n  26), 24 had true-negative cultured
sternal puncture results, and 2 were considered to have
false-positive results (Table 1) because bacteria found in the
sternal puncture were Propionobacterium acnes and coag-
ulase-negative Staphylococcus species other than S epider-
midis. These 2 patients were, however, not operated on
because of suspicion of skin contamination. A second punc-
ture performed 24 hours later had negative results for both
patients, and 3-month follow-up confirmed the lack of me-
diastinitis.
Clinical Observations in Patients Undergoing
Sternal Puncture
According to the bacteriologic results described above, 12
patients undergoing sternal puncture of the 23 with true
mediastinitis were operated on the day of sternal puncture
on the basis of positive Gram stain results. The remaining
11 patients were operated on 24 hours later at the time the
results of sternal puncture cultures were given.
For the other 26 patients undergoing sternal puncture in
whom diagnosis of mediastinitis was not confirmed by
means of bacteriologic tests (including the 2 patients con-
sidered as having false-positive results), further explora-
tions showed postoperative complications other than medi-
astinitis, such as acute lung injury (n  10), cardiogenic
shock (n  9), superficial wound infection (n  2), catheter
infection (n  2), isolated fever (n  2), and pyelonephritis
(n 1). The lack of subsequent mediastinitis was confirmed
at the 3-month clinical follow-up (see the “Methods” sec-
tion).
Postoperative Follow-up
Clinical characteristics and outcomes were compared be-
tween the group of 23 patients with true mediastinitis diag-
nosed by means of sternal puncture (described above) and
another group of 20 patients transferred to the Department
of Cardiac Surgery with a strong suspicion of poststerno-
tomy mediastinitis on the basis of the classic combination of
clinical signs (ie, wound instability or inflammatory wound
[n  19], fever [n  9], and/or hypotension [n  8]) and
bacteriologic signs (ie, positive blood culture results [n 5]
and positive EW culture results [n  5]). In the face of
strong signs of mediastinitis, these 20 patients were oper-
ated on an urgent basis, as previously described,9 and no
sternal puncture was performed. Surgical and bacteriologic
findings subsequently confirmed true poststernotomy medi-
astinitis in all 20 patients.
Table 3 shows that, despite similar clinical and bacteri-
ologic characteristics, several items have been improved in
patients undergoing sternal puncture, including a shorter
delay between the initial cardiac surgery and the diagnosis
of mediastinitis (9  5 days vs 13  8 days with and
without sternal puncture, respectively; P .04) and a lower
SAPS II score at the day of surgical debridement. Table 3
also shows a shorter length of mechanical ventilation in the
patients undergoing sternal puncture than in the patients not
TABLE 1. Results of EW cultures, sternal puncture Gram
stains, and sternal puncture cultures
True
mediastinitis
No
mediastinitis Total
EW
Positive 15 69 84
Negative 28 912 940
Total 43 981 1024
Sternal puncture Gram stains
Positive 12 0 12
Negative 11 26 37
Total 23 26 49
Sternal puncture cultures
Positive 23 2 25
Negative 0 24 24
Total 23 26 49
Results were considered as true positive when bacterial findings were
identical to samples obtained during surgical intervention.
TABLE 2. Main characteristics of patients in whom a ster-
nal puncture was performed
n 49
Age (y) 65 11
Male/female sex 33/16
Initial operation (%)
Coronary bypass 45
Valve replacement 37
Combined coronary bypass and valve
replacement
8
Other 10
Criteria for sternal puncture (%)
Systemic signs
Temperature 38°C 61
WBC 12,000 or 4000 81
Positive blood culture result 26
Systolic arterial pressure 90 mm Hg 30
Oliguria 16
Lactate 2 mmol/L 20
Local signs
Inflammatory wound drainage 43
Wound instability 18
This includes patients with mediastinitis (n  23) who had greater local
signs (inflammatory wound drainage, 74%; wound instability, 30%) than
those without mediastinitis (inflammatory wound drainage, 19%; wound
instability, 7%). As previously described,1,2,4,10 the presence of local signs
gave a high index of suspicion of mediastinitis but was not specific.
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undergoing sternal puncture (3  4 days vs 10  13 days,
P  .02). This allowed a shorter stay in the ICU and an
earlier transfer to the ward of the Department of Cardiac
Surgery, even with mediastinal Redon catheters, which
were monitored in the ward with the same protocol as in the
ICU. However, despite an obvious improvement in morbid-
ity, mortality remained similar in both groups, with no
differences in the cause of death. Among the 9 patients that
died after mediastinitis, 4 died in the first days (4 d) after
the operation because of major bleeding from coronary graft
anastomosis (n  2) or multiple organ failure directly
related to mediastinitis (n  2). The 5 other patients died
later (8-26 days) from aortic complications (bleeding or
dissection) or multiple organ failure related to sources of
infection other than the sternum or mediastinum (endocar-
ditis, ischemic colon, and lung infection).
Discussion
This study evaluated EW cultures and sternal puncture in
the diagnosis of true poststernotomy mediastinitis. It con-
firmed that EW cultures had a high rate of false-positive
results, as previously published.9 In addition, our study
showed, for the first time, that rates of both true-positive and
true-negative results reached 100% when using sternal
puncture for the diagnosis of true mediastinitis. Further-
more, sternal puncture permitted an early diagnosis and
shortened the length of both mechanical ventilation and ICU
stay.
Sternal Puncture in the Diagnosis of Poststernotomy
Mediastinitis
Few bacteriologic procedures aimed at obtaining samples
from the anterior mediastinum have been previously de-
scribed. This includes retrosternal aspiration through the
sternotomy3 and subxiphoid retrosternal aspiration.10 How-
ever, the major risks of these 2 methods are injuries to
epicardial vessels, vascular grafts, or the cardiac wall.
To safely obtain samples from the infected area, we have
developed a sternal puncture procedure that consists of
sampling material between the 2 edges of the sternum for
TABLE 3. Comparison of the postoperative course of patients in whom true mediastinitis was diagnosed with sternal
puncture versus those in whom diagnosis was based on the presence of classic clinical signs
True mediastinitis
diagnosed by means of
positive sternal puncture
True mediastinitis
diagnosed by means of
the presence of classic
clinical signs
P
value
No. of patients 23 20
Age (y) 67 10 66 9 NS
Male/female sex 15/8 15/5 NS
Comorbidities
COPD (%) 21 35 NS
Diabetes (%) 30 45 NS
Obesity (%) 43 35 NS
LVEF (%) 49 9 45 11 NS
Initial operation (%)
Coronary bypass 52 75 NS
Valve replacement 40 5 NS
Combined coronary bypass and
valve replacement
8 20 NS
Bacteria (n)
Staphylococcus aureus 6 8
Staphylococcus epidermidis 5 2
Enterococcus faecalis 2 3
Klebsiella pneumoniae 3 2
Others 7 5
Delay between initial cardiac surgery
and the diagnosis of mediastinitis (d)
9 5 13 8 .04
Postoperative course in ICU
SAPS II score* 22 13 40 13 .0001
Mortality (n) 5 4 NS
Length of mechanical ventilation (d) 3 4 10 13 .02
Delay for mediastinal sterilization (d) 16 12 14 6 NS
Primary debridement failure (n) 1 2 NS
Discharge from ICU (d) 9 7 18 15 .02
Data are expressed as means  SD. Of note, no operations other than coronary bypass, valve replacement, or combined coronary bypass and valve
replacement were performed in these patients. NS, Not significant; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction.
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bacteriologic analysis (Figure 2). Sternal puncture was
based on the hypothesis that infection of the mediastinal
anterior space after cardiac surgery was consistently asso-
ciated with a sternal osteomyelitis (sternitis). Indeed, some
authors have previously postulated that the median sternot-
omy wound infection started at a localized area of sternal
osteomyelitis, with minimal external signs similar to early
osteomyelitis in other bones.1-3
In our study sternal puncture was performed in 49 pa-
tients with a clinical suspicion of mediastinitis. In 23 pa-
tients the bacteriologic results of sternal puncture were
positive, indicating the need for surgical debridement. Pa-
tients with a positive Gram stain result underwent opera-
tions on the day of the puncture procedure (n 12), and the
other patients (n  11) were operated on 24 hours later,
when culture results were available. Interestingly, the bac-
teriologic results of the material obtained by means of both
the sternal puncture and surgical debridement support the
hypothesis of sternal osteomyelitis as a starting point of
mediastinitis. Indeed, all 23 patients undergoing sternal
puncture with true mediastinitis had both a positive sternal
puncture result and sternitis confirmed during the debride-
ment procedure. By contrast, Gram stain and culture results
were negative for the 26 remaining patients (except for 2
patients who had a skin contamination) in whom the lack of
sternitis and mediastinitis was confirmed by means of
3-month follow-up. The latter result also strongly favors
sternal puncture as a safe procedure that did not contaminate
sternal bone from the “infected” superficial area in these 26
patients.
Sternal Puncture and Clinical Outcome of
Poststernotomy Mediastinitis
A comparison of the patients with true mediastinitis given a
diagnosis of sternal puncture and those in whom the diag-
nosis was made in the classic manner (on the basis of the
presence of mixed clinical and bacteriologic signs) showed
that sternal puncture allowed an early diagnosis of medias-
tinitis: 9  5 days versus 13  8 days in our study or
roughly 15 days in previously published articles3,9,12,14,16,17
by using the classic means of diagnosis. Although classic
symptoms of wound infection, such as drainage or sternal
instability, are usually the clinical findings leading to the
diagnosis of mediastinitis, they usually represent advanced
degrees of mediastinal infection.10 By contrast, our strategy
was to consider any clinical abnormality after cardiac sur-
gery as a potential sign of early mediastinitis and then an
indication to perform sternal puncture. This approach al-
lowed a rapid diagnosis of mediastinitis and subsequently
improved the clinical outcome of patients with mediastini-
tis, lowering the SAPS II score and shortening the ICU stay,
and was helpful in the differential diagnosis of postopera-
tive complications after cardiac surgery. Despite the reduc-
tion of the delay in diagnosis and an improvement in global
outcome, no reduction in mortality could be observed. One
should mention, however, that 7 of 9 deceased patients died
from a cause that was not directly related to mediastinitis. In
addition, the number of studied patients was likely too small
to expect a decrease in mortality. Furthermore, other surgi-
cal approaches, including placement of bilateral pectoralis
major advancement flaps16 or vacuum-assisted closure,17
might have improved the survival rate. Accordingly, further
multicentric studies are needed to evaluate the effect of
sternal puncture on the overall mortality.
In summary, poststernotomy mediastinitis is a severe
nosocomial infection for which a surgical treatment must be
promptly performed. Accordingly, all means facilitating an
early diagnosis should be used, but only those that allow
microbiologic analysis of the mediastinum can give strong
arguments in favor of a specific mediastinal infectious pro-
cess.2 We have developed a sternal puncture procedure that
consists of sampling material from the sternal space for
bacteriologic analysis. Rates of both true-positive and true-
negative results reached 100%, with no adverse effects
related to the sternal puncture. Sternal puncture allowed a
reduction in the delay of the diagnosis of poststernotomy
mediastinitis, therefore improving global clinical outcome
(length of ICU stay and length of mechanical ventilation)
but without a change in the overall mortality rate.
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